Designers, OEM's and Users have available to them a variety of standard air filter performance tests that can be used and currently are being used to specify inlet air filters for combustion turbines. These standard tests for the most part have been developed for the heating, ventilating and air conditioning industry using developed synthetic dust that simulates an air composition comprised of mostly recirculated air blended with outdoor make-up air. Other available standard tests and standard test dusts have been developed for diesel and gasoline powered engines. To our knowledge no standard air filter test method has been developed for filters to be used on combustion turbine air intakes using typical outdoor air. In our opinion, a standard test relating to 100% outdoor air, pressure drop rise over time, particle size and the particle size distribution most commonly recorded at combustion turbine installation sites would be beneficial in specifying and selecting the "best" filter for todays' combustion turbine applications. This paper will review and compare the various air filter tests currently used for combustion turbine inlet filtration selection and recommend an all-inclusive test standard that could be used in the future.
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STANDARD TESTS FOR STAT IC FILTERS (non-pulsing)
In this paper, we will review and discuss the ASHRAE Standard 52.1-l992^1 and SAE J726 2 Standardized Fine tests which are the most commonly used and referenced standards. The basic difference between these tests is shown in Chart 1. Some standard tests continue to appear in combustion turbine inlet specifications that have become obsolete by ASHRAE Standard 52. at a predetermined pressure drop and second, by progressively comparing the opacity of targets both upstream and downstream of the air-cleaning device using an atmospheric aerosol (ASHRAE dustspot efficiency). The procedures in this standard however, do not determine the ability of the air cleaner to remove particles of specific diameters. This standard was developed primarily for comparing filter performance for HVAC (heating, ventilating and air conditioning) applications. The standard defines uniform test apparatus, test procedures, and reporting requirements which can be useful when comparing inlet filters for combustion turbine applications.
The reported arrestance value of a filter is a weighted average of successive arrestance percentages calculated during the loading procedure up to a specific terminating pressure drop of the filter. The test filter DHC (dust holding capacity) as defined in this standard is the average arrestance multiplied by the amount of dust fed to the test filter until the final pressure drop reaches the rated or requested final resistance (e.g. 2.5 11 w.g.).
It should be noted that the arrestance percentage and subsequent DHC (weight) of a single-stage static filter depends on the type of test dust used for the test and also whether the test is conducted in concert with weather protecting devices (e.g. louvers, screens, moisture separator, etc.) or a prefilter preceding the test filter. Therefore, the single-stage test results obtained from the standard ASHRAE test probably does not provide enough detailed information to be directly applicable to the multi-stage inlet filtering system for combustion turbines.
B. SAE J726 Test Code
The SAE J726 Test Code was established to provide a uniform method for calculating and reporting air cleaner performance for internal combustion engines. Basic performance characteristics of interest are overall dust collection weight efficiency, dust capacity to reach terminal pressure drop, airflow restriction characteristics, and structural integrity. As in the ASHRAE Standard 52.1-1992, SAE J726 Code also established a specified uniform test procedures, test conditions, equipment, and a performance report to permit direct performance comparisons of various engine type air cleaners.
Instead of using the standard synthetic test dust as in ASHRAE Standard 52.1-1992 test, SAE J726 Code specifies two grades of Arizona Road Dust; fine and coarse, with specified chemical analysis and particle size distributions as shown in Figure 1 .
The engine air cleaner may consist of one or more stages of filtration. The test is performed either on a single air filter element or a complete air cleaner assembly. In a multi-stage air cleaner, the usual inertial separator type precleaner is followed by a final filter element.
The efficiency of an engine air cleaner is expressed by the percentage of dust captured by the filter element (for single stage) or the total percentage of dust removed by both a precleaner and a final filter element. SAE coarse test dust is used for a multi-stage air cleaner but either SAE fine or coarse test dust can be used on a single stage air cleaner depending on application.
In this test the dust holding capacity of an engine air cleaner is the total amount of dust fed to the filter to reach a terminal pressure drop or airflow restriction (without multiplying by average arrestance as required in ASHRAE Standard 52.1-1992).
Further, the SAE test code specifies a dust feed rate of 28 g/1000 cfm for a single-stage filter and 56 g/1000 cfm for multistage filter. This feed rate is substantially higher than the 2 g/1000 cfm specified in ASHRAE Standard 52.1-1992.
PROPOSED TEST STANDARD FOR CONVENTIONAL (STATIC) AIR FILTER SYSTEMS
The overall gross weight efficiency reported by both ASHRAE Standard 52.1-1992 and SAE J726 Test Code using their specific test dust do not provide sufficient detailed information on the extent of penetration of small micron particulates. Further, the atmospheric dust spot efficiency of ASHRAE 52.1-1992, while relevant for submicron protection, is not specific in size so that a filter selection can be made to address a variety of sitespecific submicron contaminants.
Aside from the obvious considerations of erosion, corrosion and fouling protection, the overall performance characteristics of interest in the combustion turbine inlet air filter system are initial pressure drop, particle size efficiency of the staged filtering system (including weather protection device, prefilter and final filter), dust holding capacity and service life of both prefilter and final filter, and the air filter structural integrity.
In a typical inlet system with filters in series the characteristic of particulate aerosols entering the final filter is greatly modified by the presence of a weather protection device (e.g. moisture separator) and prefilter. Thus the single-stage test results reported for a final filter alone are not necessarily adequate for evaluating the performance of complete inlet filtering systems or the service life of the final filter. This is shown in a previously published ASME paper. 3 ' The typical initial particle size efficiencies of various ASHRAE rated filters and/or replaceable pad moisture separator are shown in Figure 2 . This data was obtained using single particle optical particle counters (OPC) with atmospheric aerosol as the test dust. This approach has been found to be easy to use and has proved reliable over the last ten years. To simulate the dust loading typical to gas turbine environments, we recommend that Standardized Fine Test Dust (as specified in the SAE J726 Test Code) be used to address the pressure drop increase and gravimetric efficiency requirements of the complete filter system. Test dust feed rates should be selected so as to provide a test concentration which reflects whether or not the complete system contains an inertial-type precleaner. This will probably mean a value of 2 to 4 g/1000 ft 3 (similar to the ASHRAE 52.1-1992 test) for conventional filters and 28 g/1000 ft 3 (similar to the SAE J726 single stage test) for inertially precleaned systems.
We also know that the particle size efficiency of filters generally improve with time as the dust cake builds on the filters. It is for this reason that the actual system efficiency can be influenced by the change out frequency of the component filters, see Figure 3 for a typical multistage high efficiency filter and prefilter system. In Figure 3 , the effects of single stage Standardized Fine dust loading are shown on the atmospheric dust particle size efficiency. Figure  4 and Chart 3 demonstrates the effects of staging on the dust holding capacity of the final filter. Although the dust holding capacity of the final filter is substantially reduced with the presence of a prefilter, the service life of the final filter is greatly increased by using a prefilter. A case can be made for not using prefilters in certain low particle size aerosols as shown in Chart 3 and Figure 3 . Chart 2 shows the single-stage efficiency of commonly used filters for combustion turbine application. As can be seen, the efficiency of the filter is dependent on the types of test dust used.
The optimum protection of the modern high efficiency combustion turbine requires the combined effects of the individual component in staged inlet filtering systems. Overall efficiency (E) of the system for the contaminant particle size of diameter up to dp (in microns) can be expressed in terms of the performance characteristics of individual filter elements in the system as -J 'fb, d(di ,l I [1-f J`fK,d(d H [1-f a. f,.,d ( ) I 'dc where f0 (d) ,f l (dp ,t) ,f z (d,,t) are particle size frequency distribution of aerosols (e.g. Figure 1 ) entering the system, prefilter, and final filter, respectively, at time t. E 1 (dP ,t), E2 (dp ,t) , and E,(dp ,t) are particle size efficiencies of the weather protection devices, prefilter, and final filter.
Therefore, for designing and determining the inlet filtering system using static air filters for modern combustion turbines, the performance of both individual components and overall system must be carefully considered for the specific application and type of turbine.
We believe this can best be determined by stating the particle size efficiency of the smallest particle size desired for prefilter, final filter and the system. Furthermore, we propose the efficiencies be determined using atmospheric dust at the lowest efficiency point in time, which is usually for clean filters.
We also propose that SAE Standardized Fine Test Dust be the basic dust representing filter loading in the gas turbine environment, and for determining the dust loading capacity to a specific inlet pressure rise for each filter in series and for the system. SUMMARY We 
